Abstract
Introduction
Coronary heart disease (CHD) is the most common cause of death in the Western World [1, 2] . Such deaths are often due to Sudden Cardiac Arrest (SCA) [2] [3] [4] , which can be confirmed by the absence of a detectable pulse, unresponsiveness and lack of breathing [5] . Survival rates from out-of-hospital SCA are typically low (approximately 5%) [6] [7] [8] [9] . It is therefore a major public health challenge to reduce mortality from out-of-hospital SCA.
When out-of-hospital SCA is caused by ventricular fibrillation (VF), defibrillation is an effective treatment [10] . However, the effectiveness of the procedure is highly timedependent. From the moment of collapse, the likelihood of survival decreases rapidly with each minute that elapses without initiation of life-saving procedures. After a 10 minute delay in defibrillation, more than 90% of victims do not survive or survive with severe neurological deficiency [11] .
Public Access Defibrillation (PAD) schemes aim to reduce the time interval from collapse to defibrillation through equipping lay volunteers with Automatic External Defibrillators (AEDs). These devices are capable of automatically detecting and treating VF, and enable lay volunteers to defibrillate safely, with just a few hours of training. Evidence of the potential effectiveness of PAD exists from previous observational trials [12] [13] [14] [15] [16] . However the success in any one particular community will ultimately depend on the extent to which the scheme's implementation has taken into account important factors, such as the type of emergency medical services (EMS) system in that area, the demographic profile of the community and local geography.
In Northern Ireland (NI), an observational trial is underway, that aims to examine the effectiveness and cost-effectiveness of PAD in both urban and rural settings. As part of this trial, roster schemes for participating volunteer responders have had to be developed for the two settings. This paper will describe the roster scheme that has been developed using population statistics, demographic information, and spatial modelling techniques, for the urban region of North and West Belfast. The resulting roster model endeavours to minimize the response time of volunteers to SCA events, and thus ultimately improve SCA survival.
The NI PAD study
The NI PAD trial is set to monitor the effects of PAD in an urban and rural community throughout the trial year of 2005. The urban region of North and West Belfast spans a geographical area of 60 sq km, with a population of 138591 (UK Census 2001 [17]), 52% of which are male. The region is served by two ambulance stations which house paramedic-led ambulances, and a mobile coronary care unit (doctor-led). Based on recent trends, there is expected to be approximately 160 cases of SCA per year in North and West Belfast [9, 18] .
The region is primarily urban residential, therefore the vast majority of SCAs will occur in residential accommodation, and on account of this, the majority of the AEDs deployed in this trial have been to AED-trained volunteers, who will carry the packs as they go about their daily business, with only a small portion of AEDs being placed at fixed public locations (such as shopping malls). Training of members of the Police Service of Northern Ireland (PSNI) and members of the public has been performed throughout 2004, and will continue to the end of 2005. It is expected that at least 300 volunteers will have been trained in the urban area, by the end of 2005.
All mobile volunteers (both members of the public and PSNI) are to be notified of possible SCA incidents by the Northern Ambulance Service (NIAS) through alphanumeric pagers. In the case of the PSNI, AED packs have been placed in patrol cars, and the Police Control Room receives the pages for all SCA events in the urban region, thus allowing the controller to alert the nearest available patrol car to attend. Members of the public who volunteer (hereafter referred to as lay volunteers) are expected to carry the AED packs, together with the alphanumeric pagers for a period of one week, at least once during the trial year.
In order to minimize the mobile volunteer's collective response time to SCA events, it has been necessary to develop a computer-based roster scheme for the lay volunteers.
The model
The roster for the lay volunteers has used the information collated at their training, as regards their home and work addresses (i.e. the potential point of origin of their response to any call), in order to assign them to different pager zones. This constraint, of having to assign volunteers to zones, is a result of the software used by NIAS (that automatically pages volunteers to SCA events). This software requires each pager to be assigned to a particular geographical zone (indicated by a central postcode, together with a radial distance), and since the total available manpower does not permit these zones to be changed weekly with the volunteers used, the zones of each individual pager must be predefined as a suitable region for all volunteers that will eventually utilize them.
The roster scheme has therefore had to consider what would be the most appropriate set of pager zones, given the overall aim to minimize the collective response of volunteers to SCA events. This has been done by taking into account factors such as the likely geographical distribution of SCA events; the number and disposition of volunteers; and the underlying road network. The method employed has assumed SCA events occur at the population-weighed centroid positions of the Census Operating Areas (COAs) in North and West Belfast. It also has assumed that volunteers start out at one of these centroid positions, determined by their home/work address. An outline of the steps involved in generating the roster is given below. The number of SCA events occurring at any one particular COA was modelled by a Poisson process with the following parameters:
where jk P is the probability of SCA incidents in one year, for a given 5-year age group j and sex k, and ijk N is the number of people in COA i from the 5-year age group j and sex k. The number of incidents recorded by the World Health Organization's MONICA project in Belfast [19] , according to sex and age group over the period 1983-1993, were used to obtain jk P , while population demographic information from the UK Census 2001 [17] for each COA, according to 5-year age groups and sex, was used to obtain ijk N . The suitability of the model was assessed using a chi-square goodness-of-fit test, along with actual SCA incidents data collected for 2004 [9] .
Incorporating road network information

Microsoft MapPoint Europe 2004
© was used to incorporate information on the road network. It was utilized along with Visual Basic code to obtain a matrix that holds the travel times between COA centroid positions. These times were calculated as the shortest travel times between the COA centroids (based on the actual road network), when travelling on the different categorized roads, at the speeds derived from the Northern Ireland Strategic Transport Model (NISTRM) [20] . These NISTRM derived speeds were considered to be reasonably low estimates to use in the first instance for two reasons. Firstly, this view is in agreement with the results of a comparison between NISTRM derived average speeds across the whole of NI and those derived from the Simplified Modelling of Spatial Systems (SMOSS) model [20] , which was used in a recent review of ambulance services. Secondly, this conclusion was also drawn from the average speeds estimated from data, from a small pilot in 2004, in which 40 test pages were sent out to lay volunteers in the urban zone.
Incorporating volunteer information
The time matrix was then used to determine the choice of COA centroid positions that would be the "ideal" set of positions for volunteers to start at, in order to respond as quickly as possible, to as many calls as possible. This choice had however to take into account the actual number and disposition of volunteers, and so, COA centroid positions were eliminated as possible "ideal" starting positions when insufficient numbers of volunteers were within a reasonable travel time of them. For example, Figure 1 illustrates the positions of COA centroids in a part of North and West Belfast, by dots. The white dots indicate centroid positions of COAs that have at least 20 volunteers that can travel to them within 6 minutes, while the black dots indicate the other COAs in the region with insufficient volunteers to meet this requirement, (given the number and disposition of volunteers at the start of 2005).
Maximizing the response to SCA through the choice of zones
Having determined the number and distribution of SCA events in a given time period, the next component of the model looked at selecting the "ideal" starting points from the truncated set of COA centroid positions.
This was achieved by aiming to maximize the numberssssssssssssss of Scould be attended within a given short travel time. The maximum covering location problem [22] was solved in Microsoft Excel © to obtain the optimal starting Figure 1 . Illustration of how the zones were determined in the urban region number of SCA events that could be attended within a given short travel time. The maximum covering location problem [21] was solved in Microsoft Excel © to obtain the optimal starting locations i.e. Note that in performing this maximization, a number of the i X values were constrained to the value 0 throughout, since their positions had already been determined as undesirable. Figure 1 illustrates the COA centroid positions chosen as optimal starting locations (indicated by car symbols), from the truncated set of COAs (the white dots). The 6-minute drive-time zones are also illustrated from each of these chosen locations, showing how far a person can drive from these starting locations, based on the underlying road network.
These drive-time zones were then finally utilized in deciding the size and position of each of the circular pager zones. The final postcode and radius chosen for each of the zones was set to cover the geographical area of the appropriate drive-time zone, together with any neighbouring areas of the city that had no/insufficient volunteers nearby.
Results
The seven overlapping zones used in North and West Belfast for the first 20 weeks of the trial are illustrated in Figure 2 by coloured rings. The coloured dots within the zones indicate the likely central position of each volunteer (i.e. their home/work area), coloured according to the zone in which they are meant to serve. 
Conclusion and future work
This paper has introduced a special computer-based roster scheme to allocate and manage volunteers working as part of a public access defibrillation trial. The model initially uses population statistics, demographics, geographical mapping software and spatial modelling techniques to subdivide the geographical location into appropriate paging zones (Figure 2) . By estimating Sudden Cardiac Arrest occurrences using a Poisson process, the model, together with road network information, selects a roster which minimizes volunteer response time. Possible future work to that presented, is to incorporate the actual areas of the COA and other potentially influential variables such as congestion effects, and volunteer availability.
